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Abstract

The flora and vegetation of river valleys are currently greatly transformed as a result of the increased
influence of many factors related to human activity. Earlier research on the vegetation of the Rzeszow
Reservoir was carried out in 1994-95. Since then, its depth has been greatly diminished and its surface area
decreased two-fold. Moreover, types of land use have changed in the immediate vicinity of the reservoir. In
2011-14 we conducted similar field research aimed at analysing changes in vascular flora. For this purpose,
we compared indices of anthropogenic changes in flora for both study periods. Our results show that the flora
of this area is diverse in taxonomic, syntaxonomic, and ecological terms. It includes both typical aquatic plants
and species characteristic for the habitats surrounding the water body. Currently, 327 vascular plant species of
68 families are recorded in the study area. The flora is dominated by hemicryptophytes, with high contribu-
tions of therophytes and hydrophytes. In the geographical-historical classification, the dominant groups were
spontaneophytes (and among them apophytes), whereas the contribution of anthropophytes was small. This
was confirmed by high values of synanthropization and apophytization indices (>50%), and the low value of
the anthropophytization index (17.4%). The low index of flora naturalness (24.4%) attests to its transforma-
tion. The socio-ecological spectrum shows high contributions of species typical of alluvial forests: aquatic and
tall fen communities (17%), fertile deciduous forests and shrub communities (14%), and fresh, moderately

moist meadows (12%).

Keywords: anthropogenic indices, Rzeszow Reservoir, southeast Poland, vascular flora, floristic
changes

Introduction

Transformations of flora and vegetation result from nat-
ural processes taking place in the landscape as well as var-
ious types of human impact leading to synanthropization of
the vegetation [1-3]. The changes are gradually accelerated
and their scope and scale are increasing. This results from
the growing human pressure on natural communities and
their environment [4-6]. All the transformations of plant
communities involve also other components of ecosystems.

*e-mail: mziaja@ur.edu.pl

This leads to fundamental changes in functioning of the
ecosystems [7, 8]. The intensity and types of human impact
affect the scope and rate of changes, which are reflected in
the decline of species typical of natural vegetation and the
creation of new anthropogenic communities [2, 3, 9, 10]. At
early stages of synanthropization, floristic diversity usually
increases [2, 8, 11, 12], whereas intensification of human
impact usually leads to a decline in diversity [13-16].
River valleys are one of the best models for research on
species diversity [5, 17, 18], the process of synanthropiza-
tion [1, 17, 19, 20], the dynamics of flora [21], as well as
transformations of the vegetation associated with river val-
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leys [4, 16, 22, 23]. This results from the high natural diver-
sity of sites [2, 24]. River valleys play a role of ecological
corridors [3, 18, 25-27] and are refuges of biodiversity [3,
8, 21, 28]. Sites located along rivers are also exceptionally
vulnerable to alien species invasion [18, 29-36]. Artificial
water bodies are similar in this respect, and various ecosys-
tems affect them [8, 24, 37]. In Poland, like all over Europe,
wetlands are disappearing, which causes the gradual loss of
many rare and threatened species of plants and animals [8,
16, 28, 38]. Harvolk et al. [8] report that in the late 20" cen-
tury 77% of rivers in Europe and North America were
greatly transformed.

This study aimed at assessing the degree of transforma-
tion of the vascular flora of the Rzeszow Reservoir after 20
years. We compared results of research conducted in 1994-
95 with data collected in 2011-14.

Study Area

The Rzeszow Reservoir is located within the adminis-
trative borders of the city of Rzeszow in southeastern
Poland. On the ATPOL grid, the study area is located in
square FF64 [39]. According to the physiographic division
of Poland [40] it lies in the Rzeszow Foothills mesoregion.
According to a geobotanical classification of Poland [41], it
is within the Sandomierz Forest District in the Sandomierz
Basin region, which is part of the subdivision known as the
Belt of Submontane Basins. The water body was created in
1973 by damming the Wislok River 63 km from the river

head, as a reservoir of recreational value, with a surface
area of 68 ha and water volume of 1.8 million m’® [42]. Field
research covered the water body and its immediate vicinity.

Over the last 20 years the reservoir has been greatly
transformed. Currently, as a result of intensive sedimenta-
tion of material carried by the Wislok and its tributary, the
river Strug, the surface area of the reservoir was reduced by
about 38 ha, and large parts of the water body are much
shallower now. The proportion of shrub communities and
tall fens has increased, while the adjacent areas have been
managed for tourism and recreation (Fig. 1). In the first
study period (1994-95), the vicinity of the reservoir was
dominated by green areas (meadows, lawns, wastelands,
and patches of arable fields), which jointly covered ca. 85%
of the total area along the shore, while recreational areas
accounted for only 10% and 5% housing. In the second
study period (2011-14), the contribution of recreational
areas was about three-fold higher (ca. 30%), and ca. 15% of
the immediate vicinity of the reservoir were used for hous-
ing. Also, the qualitative and quantitative composition of
the remaining green areas (55%) was changed, as they are
now dominated by lawns and wastelands. In recent years,
the vicinity of the reservoir has been adapted for recre-
ational purposes, cycle lanes have been built on both sides
of the reservoir, as well as playgrounds, a sandy beach, and
food and beverage outlets.

Rzeszow Reservoir is part of the proposed Natura 2000
site named “Middle Wislok River with tributaries” (PLH
180030). The area of 1064.6 ha starts from the dam in
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Fig. 1. Map of the study area in 1994-95 (A) and 2011-14 (B): 1 — waters/reservoir, 2 — roads, 3 — walking/cycling paths, 4 — tall fen
communities, 5 — communities of trees and shrubs, 6 — recreational area, 7 — housing.
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Besko (where the montane section ends) and encompasses
the Jaslo-Krosno Basin, Strzyzow Foothills, and Dynow
Foothills, ending with the reservoir. The area was designat-
ed mostly for protection of valuable fish species, as the
ichthyofauna of the river consists of over 30 species,
including 10 protected ones [43].

Material and Methods

In 1994-95, vascular flora were investigated in the reser-
voir [44], and the results can be used for comparison with
data collected during our field research in 2011-14. We
investigated aquatic and waterside vegetation as well as
communities adjacent to the reservoir. Plant names follow
Mirek et al. [45], while names of families follow Rutkowski
[46]. In the floristic analysis we used the Raunkiaer system
of plant life-forms [47]. The geographical-historical classifi-
cation is based on the concept of Korna$ [48], and the fol-
lowing groups were distinguished: apophytes [49], archaeo-
phytes [50-53], and kenophytes [32]. The flora is divided
into two groups: spontaneophytes (native species, within the
natural geographic range) and anthropophytes (alien
species). Native species are subdivided into non-synan-
thropic spontaneophytes (Sp, found exclusively on natural
sites), and apophytes (Ap, species colonizing disturbed and
transformed sites). Anthropophytes are represented by
archaeophytes, kenophytes, and diaphytes. The socio-eco-
logical classification is based on Jackowiak’s concept [54],
while assigning to individual groups is based on
Matuszkiewicz’s [55] phytosociological classification.

To assess the effects of human activity on the plant
cover of the study area, we calculated indices of anthro-
pogenic changes in flora: the total synanthropization index
WS, (percentage contribution of apophytes and anthro-
pophytes to the total number of species), total apophytiza-
tion index WAp, (percentage contribution of apophytes to
the total number of species), spontaneophyte apophytiza-
tion index Wap (percentage contribution of apophytes to the
total number of native species), total anthropophytization
index WAn, (percentage contribution of anthropophytes to
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the total number of species), total archaeophytization index
WA, (percentage contribution of archacophytes to the total
number of species), total kenophytization index WKn, (per-
centage contribution of kenophytes to the total number of
species), flora modernization index WM (percentage con-
tribution of kenophytes to the total number of permanent
anthropophyte species), and flora naturalness index WN
(percentage contribution of non-synanthropic spontaneo-
phytes to the total number of species) [7, 54].

Results

The recently documented vascular flora of the reservoir
consists of 327 species, compared to 213 in 1994-95.
However, only 162 species were recorded in both study
periods. We failed to find 51 of the species recorded in
1994-95, but instead we recorded 165 new species. The
number of represented families increased remarkably, from
49 to 68. Thus we found plants from 21 new families,
including: Anacardiacaceae, Anagraceae, Araceae,
Butomaceae, Cannabaceae, Celastraceae, Cornaceae,
Corylaceae, Grossulariaceae, Iridaceae, Lentibulariaceae,
Oleaceae, Oxalidaceae, Rhamnaceae, Tiliaceae, Trapaceae,
Ulmaceae, Verticaceae, Valerianaceae, Verbenaceae, and
Vitaceae. Recent field research did not confirm the pres-
ence of two families: the Campanulaceac and
Gentianaceae. Among the recorded families, 11 were repre-
sented by the largest number of species and accounted for
>50% of the flora in each of the study periods. The richest
families include the Poaceae (38 species), Asteraceae (32
species), Fabaceae (25 species), and Rosaceae (23 species).
In some families, the number of species increased substan-
tially, e.g. in the Rosaceae (+19 species), Poaceae (+14
species), Caryophyllaceae (+7 species), and Asteraceae (+6
species) (Fig. 2).

Considering plant life-forms (Fig. 3), the flora of the
Reservoir in both study periods was dominated by
hemicryptophytes (51% in 1994-95 and 49% in 2011-14).
This group included 70 new taxa, which were not recorded
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Fig. 2. Contributions of the most species-rich families to the flora of Rzeszow Reservoir.
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previously, e.g. Agrostis stolonifera, Althaea officinalis,
Carex cuprina, C. paniculata, C. spicata, Dianthus del-
toides, Hieracium bauhinii, Valeriana sambucifolia, and
Verbena officinalis. Therophytes ranked second (16.5% and
13.5%, respectively), while hydrophytes ranked third
(15.5% and 11.0%, respectively). Among hydrophytes, the
occurrence of eight species was not confirmed in this study
(Batrachium circinatum, Bolboschoenus maritimus,
Ceratophyllum submersum, Lemna gibba, Myriophyllum
verticillatum, Potamogeton crispus, P. nodosus, and
Scolochloa festucaceae), but 12 new ones were recorded
(Butomus umbellatus, Carex  pseudocyperus,
Ceratophyllum demersum, Hydrocharis morsum-ranae,
Iris pseudacorus, Leersia oryzoides, Myriophyllum spica-
tum, Polygonum amphibium, Potamogeton perfoliatus,
Sium latifolium, Trapa natans, and Utricularia vulgaris).
Among annual species (therophytes), as many as 25 new
species appeared, whereas 15 of the species reported previ-
ously seem to be absent. In the second study period, contri-
butions of megaphanerophytes (trees) and nanophanero-
phytes (shrubs) increased considerably, as compared to the
earlier period. These groups include as many as 44 new
species, and their percentage contributions are now dou-
bled. In both study periods, only small proportions of the
flora of the reservoir were contributed by geophytes and
chamaephytes.

In research on anthropogenic transformations of flora,
the geographical-historical classification is used most often
(Table 1). In both study periods, native species overwhelm-
ingly dominated (87% in 1994-95 and 83% in 2011-14)
over anthropophytes. However, after 20 years the contribu-
tion of this group declined, although the absolute number of
species in the group increased. The group of native taxa
includes apophytes (synanthropic spontaneophytes),
recorded primarily in waterside habitats modified by
human activity, and non-synanthropic spontancophytes,
found in natural and slightly transformed habitats, i.e. in
open water, in the littoral zone, and in the immediate vicin-

Table 1. Contributions of geographical-historical groups to the
flora of the reservoir.

Number of species
Geographical-historical groups | recorded in study periods
1994-95 2011-14
Apophytes 116 (55%) | 190 (58%)
Non-synanthropic spontaneophytes | 69 (32%) 80 (25%)
Archaeophytes 13 (6%) 23 (7%)
Kenophytes 15 (7%) 34 (10%)
- epoecophytes 4 14
- agriophytes 10 19
- ephemerophytes 1 1
Total 213 327

ity of the reservoir. The greatest increase in species diversi-
ty was observed among apophytes, especially those typical
of meadows (51 new species) and forests (49 new species),
but their contribution to the total number of species
increased only slightly (55% in the past versus 58% now).
The appearance of such large numbers of new species
results from the variety of habitats surrounding the reser-
voir and the migration of species from adjacent habitats (in
both directions). As far as non-synanthropic spontaneo-
phytes are concerned, their contribution to the flora
decreased (32% versus 25%) while the number of species
increased (+27), including e.g. Bidens cernua, Butomus
umbellatus, Ceratophyllum demersum, Hydrocharis mor-
sus-ranae, Leersia oryzoides, Myriophyllum spicatum, and
Potamogeton perfoliatus. Currently, 16 species of previ-
ously reported non-synanthropic spontaneophytes seem to
be absent, e.g. Batrachium circinatum, Bolboschoenus
maritimus, Ceratophyllum submersum, Cyperus fuscus,

49.0% 2011-2014
. 0

51.0% M 1994-1995

0% 10% 20% 30%

40% 50% 60%

Fig. 3. Comparison of the biological spectrum of species (plant life-forms) in the flora of Rzeszow Reservoir in both study periods.
T — therophytes, N — nanophanerophytes, M — megaphanerophytes, Hy — hydrophytes, H — hemicryptophytes, G — geophytes,

Ch — nonherbaceous chamaephytes, C — herbaceous chamaephytes.
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Table 2. Socio-ecological structure of the flora of Rzeszow Reservoir in both study periods.

Number of species recorded in study periods
Socio-ecological group

1994-95 2011-14
Cl: Querco-Fagetea, Rhamno-Prunetea 12 (6%) 47 (14%)
Cl: Quercetea robori-petraea, Epilobietea angustifolii, Nardo-Callunetea 6 (3%) 11 3%)
O: Glechometalia hederaceae 3 (1%) 12 (4%)
Cl: Festuco-Brometea, Trifolio-Geranietea sanguinei 15 (7%) 17 (5%)
Cl: Koelerio glaucae-Corynephoretea canescentis 5 (2%) 5 (2%)
Cl: Alnetea glutinosae 3 (1%) 4 (1%)
Cl: Salicetea purpurea, Phragmitetea, Potametea, Lemnetea minoris 47 (22%) 56 (17%)
O: Molinietalia 11 (5%) 19 (6%)
O: Arrhenateretalia, Cl: Molinio-Arrhenateretea 26 (12%) 39 (12%)
O: Trifolio fragiferae-Agrostietalia stoloniferae, Plantaginetealia majoris 19 (9%) 18 (6%)
Cl: Bidentetea tripartiti, Isoeto-Nanojuncetea, Betulo-Adenostyletea 8 (4%) 10 (3%)
O: Artemisietalia vulgaris, Convolvuletealia sepium 17 (8%) 22 (7%)
O: Onopordetalia acanthii, Cl: Agropyretea intermedio-repentis 11 (5%) 14 (4%)
O: Sisimbrietalia 10 (5%) 7 (2%)
O: Centauretalia cyani, Polygono-Chenopodietalia, Cl: Stellarietea mediae 12 (6%) 24 (7%)
Others 8 (4%) 22 (7%)
Total 213 327

Lemna gibba, Myriophyllum verticillatum, Potamogeton
crispus, and P. nodosus. In the study area, also the contri-
bution of alien species increased (6% versus 7% for
archaecophytes and 7% versus 10% for kenophytes), as
compared with the previous study period. Anthropophytes
are currently dominated by kenophytes, and the number of
species in this group was nearly doubled, including mostly
trees and shrubs, e.g. Juglans aliantifolia, Ligustrum vul-
gare, Fraxinus pennsylvanica, Padus serotina, Quercus
rubra, Robinia pseudoacacia, Rosa multiflora, Spiraea
salicifolia, etc. Archaeophytes included common weeds,
such as Anagallis arvensis, Echinochloa crus-galli,
Lathyrus tuberosus, Capsella bursa-pastoris, Papaver
rhoeas, Matricaria maritima ssp. inodora, Sonchus asper,
S. oleraceus, etc. In 2011-14 we found 36 anthropophyte
species that were not recorded in the earlier study period.
These include 21 kenophytes and 15 archaeophytes.

In the socio-ecological (phytosociological) classifica-
tion of the reservoir flora, 16 groups were distinguished
(Table 2). Analyzing the vascular flora of the reservoir in
respect to their habitat preferences, we found that the major
groups are species associated with alluvial forests as well as
aquatic and tall fen communities of the classes Salicetea
purpurea, Phragmitetea, Potametea, and Lemnetea
minoris. They currently account for 17% of the total num-
ber of species, compared to 22% in the previous study peri-
od, but the number of species increased. No change was
observed in the contribution of species typical of forest

clearings (classes Epilobietea angustifolii and Nardo-
Callunetea), dry sandy grasslands (class Koelerio glaucae-
Corynephoretea canescentis), and alder forests (class
Alnetea glutinosa), although the number of recorded
species is now higher. A large increase is noticeable in the
number of species representing fresh, moderately moist
meadows  (class  Molinio-Arrhenatheretea,  order
Arrhenateretalia), but again the percentage contribution of
this group did not change in relation to the previous study
period. During the last 20 years, contributions of species of
fertile deciduous forests (class Querco-Fagetea) and shrub
communities (class RhAamno-Prunetea) substantially
increased. This group now includes 37 new species, so its
contribution increased from 6% to 14%. A higher contribu-
tion is currently recorded also for plants of nitrophilous
shrub communities and forest edges (order Glechometalia
hederaceae). Contributions of species of moist meadow
communities (order Molinietalia) and segetal, i.e. field
weed communities (orders Centauretalia cyani and
Polygono-Chenopodietalia) increased only slightly,
although 17 new species of this group were found. Lower
contributions are currently recorded for xerothermic grass-
lands and forest edge communities (classes Festuco-
Brometea and Trifolio-Geranietea sanguinei), nitrophilous
floodplain grasslands and heavily trampled plant communi-
ties (orders Trifolio fragiferae-Agrostietalia stoloniferae
and Plantaginetealia majoris), therophytes on wet sites
(classes Bidentetea tripartiti, Iséeto-Nanojuncetea and
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Fig. 4. Indices of anthropogenic changes in the flora of Rzeszow Reservoir.
WS, — total synanthropization index, WAp, — total apophytization index, Wap — spontaneophyte apophytization index, WAn, — total
anthropophytization index, WAr, — total archaeophytization index, WKn, — total kenophytization index, WM — modernization index,

WN — naturalness index.

Betulo-Adenostyletea), and ruderal communities (orders
Artemisietalia  vulgaris, Convolvuletealia  sepium,
Onopordetalia acanthii, Sisymbrietalia, and class
Agropyretea intermedio-repentis). In the present flora of the
reservoir, species of undetermined phytosociological affili-
ation accounted for 7% of the flora, i.e. the number of
species and their contribution to the flora increased, as com-
pared to the earlier study period.

During recent field research, we found six protected
species [56], including 5 new ones: Ribes nigrum,
Viburnum opulus, Dianthus armeria, Trapa natans, and
Utricularia vulgaris. We failed to find two of the species
reported previously (Centaurium erythraea and Gentiana
asclepiadea), but we confirmed the occurrence of an orchid
(Epipactis helleborine). Interestingly, we also discovered a
rare aquatic plant, Trapa natans, whose population devel-
ops dynamically in the favourable environmental condi-
tions. On the scale of Poland it is classified as critically
endangered, CR [57, 58]. The local population is probably
of anthropogenic origin, as there are no published data
about the occurrence of this species in the reservoir and in
its vicinity [59]. Research in European lakes confirms that
this species tolerates eutrophication [38].

Comparison of values of the indices allowed us to
describe the flora in respect to the degree of naturalness and
the scope of human transformation. The greater the per-
centage contribution of non-synanthropic spontaneophytes,
the more natural is the given area, whereas a high percent-
age contribution of anthropophytes to the flora points to
advanced processes of decline of native species in the
analysed area. Considerable differences in floristic compo-
sition of the study area were visible when we analysed indi-
vidual indices of anthropogenic transformation. The anthro-
pophytization index was low in both periods, but it is slight-
ly higher now than during the earlier study (Fig. 4).

Values of archaeophytization index were low, reflecting
the lack of older introduced species, including weeds. For

over 20 years the kenophytization index increased due to
the easy spread of neophytes along river valleys, often of
invasive species. The closely related modernization index
of the flora is now higher (55.5% versus 60.7%). The
increase in apophytization index (62.7% versus 70.3%)
points to the transformation of natural sites and expansion
of species from adjacent habitats, usually forests and mead-
ows. Attention should be paid to the lower index of natu-
ralness (32.3% versus 24.4%), and the simultaneous rise in
the number of non-synanthropic spontaneophytes. The total
synanthropization index was high and within 20 years it
reached 75.5% compared to the previous 67.6%.

Discussion

Most of the available publications on changes in flora
under the influence of human activity are concerned with
urban areas [54], farmlands [60], lakes [38, 61, 62], and
rivers [2, 6, 16, 22, 63]. Only a few publications present
results of long-term monitoring of anthropogenic changes
in flora of rivers or dam reservoirs [1, 4, 16, 61, 64].
Comparison of flora of the same area in different years
allows us to assess the degree of transformation [4, 64, 65].
The natural character of the river valley environment or the
varying degree of transformations caused by human activi-
ty is reflected in their floristic and phytosociological com-
position [1, 62].

The analysis of flora in respect of changes due to
anthropogenic factors is of great importance for assessment
of its naturalness and resistance of habitats to invasion by
alien species [36, 66]. Floristic research may be used to
determine environmental conditions and to monitor
changes [16, 64]. Plant species — because of their diversity,
life forms, geographic distribution, and ecology — are use-
ful tools for research on ecosystems [64, 67]. The flora nat-
uralness index is a measure of transformations, with high
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values indicating slight changes in flora. In the study area
during the last 20 years this index decreased remarkably,
and now equals 24.4%. In comparison, Chmiel’s [60]
results from the NE part of the Wielkopolska region (W
Poland), show that values of this index are the highest in
nature reserves (45.5%), while for the whole investigated
area its value equals 32.6%. A decrease in naturalness index
was also observed by Gotdyn [1] in the rural landscape of
western Poland, where it is now estimated at 51.5%. The
degree of transformation of flora and vegetation under the
influence of human activity is illustrated by synanthropiza-
tion and anthropophytization indices, which are currently
some of the most objective measures of changes in flora [7,
54].

Synanthropization may result in the decline or disap-
pearance of many native species with narrow ecological
ranges and floristic homogeneity, as the remaining species
have broad ecological spectra and are tolerant of environ-
mental changes [4, 8], or invasive alien species will appear
[18, 68, 69]. In the study area, the total synanthropization
index reached 75.5%, so it was much higher than previous-
ly. A large increase in this index (48.5%) was also noted by
Goldyn [1] in western Poland after 30 years. For NE
Wielkopolska, Chmiel [60] reported a much lower value of
this index: 56.1. A similar increase in the number of synan-
thropic species was recorded after 30 years by Ceschin et al.
[64] in the Tiber valley in Rome. The process of synan-
thropization is in fact composed of two parallel processes:
apophytization and anthropophytization. Apophytization of
vegetation was started earlier, as it is linked with the older
forms of human pressure [70].

The contribution of alien species (anthropophytes) is
most often correlated with the degree of transformation of
ecosystems [65]. In the study area, the total anthropophyti-
zation index now equals 17.1%, so it is higher than previ-
ously. Similar results were reported by Krawczyk [19] from
the lower San Valley, where this index reached a mean
value of 18.1%. Rzeszow Reservoir, although located with-
in a city and exposed to strong human pressure, has a low
value of anthropophytization index.

As far as the kenophytization index is concerned, urban
areas are distinguished by the high contribution of new-
comers [63] as well as specificity of dam reservoirs [24].
The index reaches high values also in waterside ecosystems
[17, 20]. In the study area it amounted to 10.3%, so it was
higher than 7.1% in the San River Valley [19], and 7.3% in
NE Wielkopolska [60]. In Rzeszow Reservoir the archaeo-
phytization index was low (7%). Its values are usually low
in urban areas, while high in rural areas, as weeds are abun-
dant there [1, 19, 60]. The high modernization index
(60.7%) in the study area reflects the presence of many
newcomers among alien species. High values of this index
were recorded also by Krawczyk [19] in the San Valley,
where it reached up to 100% in urban habitats, while the
mean value for the lower San Valley was 41.3%. Also in
northeastern Spain an increased number of invasive species
was observed after 30 years, but the species are not com-
mon and are a problem only on a local scale, in contrast to
Denmark and California [16]. In the Tiber, the number of

alien species after 30 years was 24.0% higher [64]. This is
connected with the role of rivers in the spread of keno-
phytes, including invasive species, as reported in many
publications [4, 15, 29, 31, 35, 71, 72]. Research conduct-
ed by Chappuis et al. [16] shows that most invasive species
are found in artificial water bodies or river valleys strongly
transformed by human activity. Watersides are particularly
vulnerable to the invasion of alien species because of dis-
turbances of the littoral zone of river banks [3, 69, 73].
Research in the European Union indicates that invasions by
alien species are observed on anthropogenic, urban, water-
logged, and freshwater habitats [34], causing remarkable
environmental and economic effects [68]. In the process of
synanthropization of flora, an important role is played by
apophytization, which is associated with the ability of the
large group of native species to colonize habitats strongly
disturbed by human activity. Also in this case we recorded
higher values of apophytization index (58.1%) and sponta-
neophyte apophytization index (70.3%) than in the earlier
study period. Similar results were obtained in western
Poland, where this index increased from 31.0% to 43.2%
[1]. This is linked with the diversity of plant communities
in the vicinity of the reservoir, the nearby forest reserve, and
meadow ecosystems.

In respect to flora, we observed shrinking of the ranges
of native stenotopic species, and at the same time the spread
of native synanthropic plants (apophytes) [4, 64].
According to Jackowiak [74], the growth of apophytes,
which migrate from their natural habitats and colonize sec-
ondary habitats, points to the process of ecological expan-
sion. Apophytization does not exert any strong effect on
qualitative changes in flora, but it attests to the adaptive
potential of some species. In contrast, the invasion of the
native flora by alien species causes changes in its character
[3]. In this way, local biodiversity is increased, but at the
same time proportions are changed: the rise in the contri-
bution of anthropophytes is linked with a reduced contribu-
tion of native species [35].

There are various causes of changes in the flora of the
reservoir, e.g. the intensive penetration of this area by
inhabitants as well as its economic development and adap-
tation for recreation. An important role is also played by the
progressive eutrophication of the reservoir, which has led to
a decrease in its depth and surface area. This process is
observed in many parts of Europe as a result of a remark-
able increase in nutrient loads from sewage and surface
runoff from arable fields [2, 4, 62, 64]. River valleys are
characterized by a high degree of complexity and patchi-
ness of habitats, and consequently also of vegetation [3, 8,
24, 35]. The increased number of phanerophytes in the
study area is associated with the natural process of succes-
sion. They are most commonly colonized by Acer, Populus,
Fraxinus, and Salix species. Forest communities play an
important role in river valley habitats and in regulation of
water flow [5]. An increased number of species of trees and
shrubs, and particularly of Salix species, was reported by
Lyashenko [61], who observed also the spread of tall fen
vegetation, which resulted from the great accumulation of
sediments and smaller water depth. Vegetation of river val-
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leys plays an important role in maintenance of many func-
tions of ecosystems, including the control of river bank ero-
sion, thermal regulation, nutrient filtration and retention,
maintenance of water quality and habitats for animals, but
also as a factor of aesthetic and recreational value [75]. The
changes can be magnified by human activity [76, 77].

The dynamics of waterside habitats also are caused by
river flow, climatic factors, and connections between biotic
and abiotic factors [2, 26, 78, 79]. The analysis of recent
data indicates that at the early stages of synanthropization
of plant cover, floristic diversity increases as a result of the
development of small patches of anthropogenic vegetation
within natural plant communities [12]. Harvolk et al. [8],
who studied rivers in northwestern Germany, reported that
species diversity is 10.0% higher in artificial channels than
in natural rivers. This results from the greater variety of
habitats located along channels and their colonization by
species that are more tolerant and associated with a high
degree of niche variation. In the flora apophytes then
appear, i.e. native species that are ecologically alien to the
given habitat type. A similar phenomenon is observed in the
study area, where floristic diversity increased remarkably,
especially in the group of apophytes. This is confirmed by
results of other authors [1, 19, 24], who showed that in rela-
tion to the diversification of habitats and land use, floristic
richness also is enhanced [8].

Conclusions

1. Over a period of 20 years in Rzeszow Reservoir and its
immediate vicinity, the total number of recorded species
increased from 213 to 327. The new species were pri-
marily apophytes and alien species. The rise in total
plant diversity at the landscape level was accompanied
by a decline of natural communities characteristic of
river valleys. Because of the open character of the com-
munities they are easily accessible to newcomers,
including kenophytes, which is confirmed by the high
flora modernization index (60.7%).

2. The flora of the reservoir have been greatly trans-
formed, as evidenced by the reduction of the natural-
ness index (32.3% versus 24.4%). The observed trans-
formations of vegetation indicate that the types of land
use in the areas along the edges of the reservoir have
changed remarkably. This is associated with the grow-
ing number of buildings and infrastructure for tourism
and recreation. The rising importance of recreation has
led to limitations of natural communities. The currently
higher values of synanthropization index (75.5%) and
anthropophytization (17.4%) of the flora result from
strong human impact.

3. One of the major changes was the increase in percent-
age contributions of species of fertile deciduous forests
and shrub communities, as well as plants of nitrophilous
shrub communities and forest edges. In those parts of
the study area where the plant cover was best preserved,
the patches of vegetation corresponded well to the site
conditions and were close to natural aquatic and tall fen

10.

11.

12.

13.

communities and alluvial forests, but their percentage
contribution decreased in the last 20 years.

Qualitative and quantitative changes in the vascular
flora of Rzeszow Reservoir depend on many factors,
primarily on the decrease in surface area of the water
body, silt deposition, increased cover of shrub commu-
nities and tall fens, and changes in land use in adjacent
habitats.

Because of the environmental value of the Wislok River
Valley and Rzeszow Reservoir on the regional and larg-
er scale, the rate and directions of environmental
changes in this area should be monitored.
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